-Introduction: The treatment of the sacroiliac joint (SIJ) vertical instability is a matter of current discussions and remains controversial. The aim of our study is the evaluation of the surgical management of SIJ vertical instability involving the use of cannulated screws introduced under CT guidance and local anesthesia. Materials and methods: In the set time frame of 7 years, 96 poly-trauma patients with Tile's type C fracture of the pelvis with vertical instability of the SIJ were treated. The average distance between the two stumps was 73.4 mm (range: 43-100 mm). All patients were treated with anterior stabilization and subsequent stabilization with cannulated screws (Asnis ® Stryker ® 6 mm, an average length of 70 mm; range from 55 to 85 mm) of the sacroiliac fracture. The clinical and radiological follow-up was performed with follow-up plain radiograph and Majeed score (from 1 to 60 months after injury). Results: The consolidation of pelvic fractures was obtained after an average of 63 days. The average Majeed score was as follows: 96 points at 1 month, 84 points at 3 months, 62 points at 6 months, 44 points at 12 months, 42 points at 24 months, 32 points at 36 months, 28 points at 48 months and 28 points at 60 months. Complications were as follows: not fatal deep vein thrombosis in five cases, skin infection at the entry point of the screws in six cases, screw breakage in one case and loosening of the screws in one case. Radiological evidence of fracture consolidation was achieved on average at 63 days. Forty-seven patients managed to get back to their pre-trauma employment at the end of the convalescence period. Conclusions: Our results suggest that the stabilization of SI Tile type C fracture/dislocations with CT-guided percutaneous cannulated screws is a valid and feasible management option and associated with a low complication rate.
Introduction
Sacroiliac (SI) instability may result from the disruption of the sacroiliac joint (sacroiliac dislocation) or a fracture/dislocation of the ilium (trans-iliac) or the sacrum (trans-sacral). The mechanisms of injury may include combination of axial load and abrupt rotation; ligament, capsular or synovial disruption or tension; shearing forces; abnormal joint mechanics; pathological changes [1] .
Pelvic fractures are classified by using the Tile classification [2] . This divides pelvic fractures into three groups (each divided in further three subgroups): type A (stable À posterior arch is intact), type B (rotationally unstable, vertically stable À incomplete disruption of the posterior arch), type C (rotationally and vertically unstable À complete disruption of the posterior arch).
The lesions of the sacroiliac joints and sacroiliac fractures may be associated with partial or complete tear of the posterior ligamentous complex, resulting in a rotational and vertical instability of the pelvic ring [3] . The above-mentioned unstable or displaced lesions found in Tile type C fractures must be anatomically reduced and stabilized by internal fixation. Chronic instability and consequent permanent disability may be caused in case of inadequate treatment of these injuries [4] [5] [6] [7] [8] [9] .
Sacroiliac fracture stabilization with cannulated screw can be an elegant, clever and relevant method to stabilize such lesions. Lambotte already described this technique in 1913 [10] . In 1978, Letourel described the treatment of sacroiliac instability with cannulated screws with patients in prone position under radiographic control [10] . Other authors as Matta and Routt have shown how efficient the use of cannulated screws is in reducing complication rates even with surgery performed with patients in supine position. Traditional open surgery reduction procedures may often show limits connected with complications and high infection rate [4] [5] [6] [7] [8] [9] .
Furthermore, the literature shows that the use of cannulated screws for Tile C pelvic fractures is an appropriate management option which guarantees at least satisfactory (and usually excellent) clinical results. We have therefore adopted this management strategy for our trauma inpatients diagnosed with such type of fracture requiring surgical treatment.
In this study, we describe our experience in treating surgically 96 patients after sustaining vertically unstable Tile type C pelvic fractures using CT-guided percutaneous cannulated screws. Our aim is to present our results and compare them to the international literature with the scope to confirm the appropriateness of our management of vertically unstable Tile type C pelvic fractures and his good results.
Materials and methods
In the set time frame of 7 years, we treated 96 patients (see Table 1 ) after sustaining Tile C type pelvic fractures with sacroiliac vertical instability (with clinical and radiological evidence after anteroposterior, inlet and outlet pelvic plain radiographs) in the same trauma unit.
The mean age was 37.3 (range: 19-63 years). Eightysix patients were males and 10 were females. All injuries resulted from high-speed road accidents (40 Patients were medically fitted to be surgically treated with the studied procedure (no active bleeding, hemodynamically stable, life and limb threatening injuries treated, agreement of the anesthetic team with completion of preoperative routine blood tests and investigations, medical and surgical conditions able to put patients at inappropriate threat with risks outweighing benefits treated before performing the studied procedure).
The 96 patients were treated surgically 7.4 days on average after admission (range: 3-16 days). First, different techniques of anterior pelvic stabilization were performed. Then, CT-guided percutaneous cannulated screws were used for the posterior stabilization in all cases (Figure 1 ). Patients were positioned on CT table with the affected side up. The entry points on the skin and correct angles were initially searched by the obtainment of axial CT images. Entry points were then marked on the skin. This was followed by draping and prepping of the sterile field. Laser guide was used to further confirm the entry points. Guide pins were inserted at pre-set angles through the skin after making skin incision of about 1 cm in length. Pins were pushed in till achievement of the outer cortex of the lateral wall of ilium under accurate CT guidance ( Figure 2 ). CT images were used to confirm the made route for the screws and their appropriateness and check absence of violation of neurovascular structures and sacral foramina. Guide wires were used to insert the cannulated screws, whose length was checked and determined using images obtained with the CT scanner. The cannulated screws were then inserted (S1 and S2 level). The CT scanner was used again to confirm the correct position of the screws. The average distance between the two stumps was 73.4 mm (range: 43-100 mm). About 6 mm Asnis All patients were discharged with anti-thromboembolic prophylaxis with enoxaparin 50 IU/KG (International Units/kilogram) per day and serial echo-Doppler controls at 1-3 months [24] [25] [26] [27] [28] . Patients were allowed to weight bear on their affected limbs with partial load from the 65th (range: 60-75 days) postoperative day (on average), reaching a total weight bearing on their limbs around the 96th postoperative day (range: 86-108 days).
The following follow-up program was organized for all included patients: clinical evaluation, radiographic control with pelvic projections (Antero-Posterior view, inlet and outlet views), Majeed score [23] , record of return to work timing and recorded complications at 1 month, 3 months, 6 months, 12 months, 24 months, 36 months, 48 months and 60 months.
The fifth year was chosen as the cut-off follow-up period of the study to homogenize the group and have a common end point. In fact, there are still currently patients being reviewed in their eighth year of follow-up. Patients' notes and electronic hospital records were also used to perform our data collection. Data were recorded using Microsoft Excel and Word. This was followed by data analysis with statistical calculation, which included descriptive statistics used to summarize the characteristics of the studied group. Mean ages of the patients were rounded to the closest year. Mean Majeed scores and days of admissions before undergoing surgical management were also calculated. Statistical analyses were performed with SPSS v.15.0 (SPSS Inc., an IBM Company, Chicago, IL, USA). Case of a female patient (42 years old) with right sacroiliac joint instability (C1 Tile injury) and opening of the pubic symphysis following suicidal attempt by fall from height (picture on the left). The patient was initially treated with reduction of the vertical shear and double plate fixation of the pubic symphysis using (anterior approach) and this was followed after 3 days by percutaneous CT-guided screw fixation of the sacroiliac joint (picture on the right).
The study complies with the Declaration of Helsinki in 1964, amended in 2000, and none of the authors had received direct or indirect compensation for the realization of this study. All patients provided informed consent for the participation in the study.
Results
All 96 patients underwent the described and studied surgical procedure. The average length of stay was 15 days (range: 12-33 days). No significant medical complication requiring admission to the intensive care unit was recorded.
The Majeed score (see Table 2 ) was on average: 96 points at 1 month (range: 94-100 points), 84 points at 3 months (range: 78-92 points), 62 points at 6 months (range: 56-78 points), 44 points at 12 months (range: 34-64 points), 42 points at 24 months (range: 28-64 points), 32 points at 36 months (range: 24-54 points), 28 points at 48 months (range: 24-54 points), 28 points at 60 months (range: 24-54 points).
The Majeed score significantly and gradually improved throughout the entire follow-up reviews. The most significant improvement was recorded during the first post-op year (from 96 points at 1 month post-op down to 44 points at 12 months). Another significant improvement was noted between 24 months and 36 months of follow-up. Stable results were recorded at 4 and 5 years post-op.
Implants in 93 patients appeared stable at radiographic control with no signs of loosening or mal-positioning.
We recorded two cases of metalwork mobilization diagnosed at 16 months (which were successfully surgically treated with removal of metalwork procedures without further complications) and one case of metalwork breakage in a psychiatric patient (see Table 3 ). None of the patients (neither the above described complicated cases) had documented neurological injuries.
Radiological evidence of fracture consolidation of the pelvic fractures was achieved on average at 63 days (range: 56-73 days). No screw mal-positioning cases were recorded following review of plain radiographs in the postoperative period and at the setup follow-ups.
About 11.3% of the patients developed non-clinically significant deep vein thrombosis within the first 3 months post-op, despite anti-thromboembolic prophylaxis. These were diagnosed by performing lower limb echo-Doppler scans (see Table 3 ) following onset of symptoms and clinical evaluation.
About 12.5% of the patients developed superficial soft tissue infections at point of entry of the screws. About 6.5% of the patients developed superficial soft tissue infections at the level of the surgical wound made for the anterior stabilization of the fracture. All these cases were successfully treated with oral antibiotic therapy (see Table 3 ).
No metalwork breakage or mal-positioning was recorded with regard to anterior stabilization procedures. Blood transfusion was needed in 82.2% of the patients following anterior stabilization.
Short-and long-term complications and outcomes with regard to the associated injuries (long bone fractures, spleen injuries, etc.) were not recorded.
Forty-seven patients (about 49% of the total) managed to get back to their pre-trauma employment at the end of the convalescence period; the remaining 51% had to change type of job.
Discussion
Reduction of the sacroiliac instability (Figure 3) or instability of the sacrum (Figures 4 and 5 ) is a tough challenge for the surgeons. The open surgical techniques could give good results in terms of reduction but also have Number of patients who returned to the same job before the trauma (%) 51% high rate of local and systemic morbidity and are associated with a long learning care [29] .
Some authors such as Howlett et al. [30] argue that complications due to stabilization of lesions of the sacrum or sacroiliac by plate fixation decrease with the improved skill of the surgeon and the discovery and use of new innovative techniques. The percutaneous technique is becoming more and more popular for this characteristic of providing tissue sparring for the patient and significant reduction of morbidity/mortality rates [31, 32] . Percutaneous techniques, such as synthesis with ileosacral screws, are an interesting treatment option for many authors [8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 31, 32] . Routt et al. [8] described that the posterior percutaneous technique (the same used by us) has a low infection rate (0 on a series of 177 consecutive patients). However, this technique (like other percutaneous techniques for the treatment of pelvic fractures) is challenging and requires a perfect knowledge of the anatomy of the pelvis and the indispensable presence of a radiological technician capable of using C-Arm fluoroscopes.
The display brightness may be impossible to be achieved due to severe obesity or intra-abdominal contrast [10, [33] [34] [35] ; therefore, CT scans remain the gold standard as an aid for percutaneous stabilization of these lesions [36, 37] . The guide wire must be placed in all sacral and sacroiliac fractures with depth and angle based on CT scout scans [18] . As in all surgical pelvic cases, vascular and nerve structures are at high risk of injury; in the percutaneous fracture reduction and fixation, there may develop possible complications such as insufficient reduction, rupture or loosening of the devices, incorrect placement of the screws and neurological lesions.
Routt and Simonian [7] argued that the post-reduction residual gap at different levels must be less than 1 cm. These authors obtained only three malreductions out of 60 sacral fractures treated with closed reduction obtained by manipulation. They also reported five cases of implant failure and two nonunion cases [7, 22] .
Schweitzer et al. [5] described 71 cases of pelvic ring fractures (10 type B2 and 61 type C), treated with closed reduction and percutaneous screw fixation, obtaining satisfactory reduction in 69 cases and 62 cases of good or excellent functional results, according to the Majeed scoring system [23] . Routt et al. also reported a 9% rate of complication related to the surgical technique [8] .
The percutaneous fracture fixation with plate and screws has recently been described [38, 39] , and its first results are encouraging. This technique, however, has advantages only if the reduction obtained by manual traction is excellent [38, 39] .
Choy et al. [40] described in their study 32 patients consisting of 21 males and 11 females. The mean age was 41 years (range: 19-76). The average follow-up period was The radiological findings showed 16 cases of anatomical reduction, 9 cases of close anatomical reduction and 7 cases of moderate impairment. All patients had a fracture union, except three cases of nonunion of the pubic branch. The complications encountered were three cases of screw loosening, two cases of rupture of the anterior plaque front and one case of postoperative soft tissue infection. Choy et al. [40] concluded that patients with unstable pelvic ring lesions, stabilized with anterior plate and percutaneous screw stabilization of the sacroiliac joint can be a useful surgical option to recreate the physiological stability of the pelvic ring. Moed et al. [41] studied 343 patients with fractures of the pelvis with ultrasound monitoring and found out that 35 patients (15%) had asymptomatic deep vein thrombosis: 16 (7%) preoperatively, 19 (8%) postoperative and 2 patients (1%) with negative scans had postoperative symptomatic pulmonary embolism (PE) diagnosed the day after surgery, but neither of them was fatal.
We initially reviewed the published literature and decided to routinely use the studied surgical procedure to treat patients (during the set time frame) with Tile's type C fracture of the pelvis with vertical instability of the SIJ given the good results uniformly achieved internationally. The traditional technique was followed without any subjective change. Good objective results were achieved (assessed by using the Majeed Score, clinical examination, return to work, record of complications and radiological follow-up assessment). Case of a 19-year-old male patient who sustained a Type 2 Dennis fracture of the sacrum associated with pubic symphysis diastasis and superior subluxation of the right side of the pelvis (type C1) following a fall from height (top pictures: AP radiographic view and pelvis CT-reconstruction; middle pictures: coronal view). The patient was initially treated with reduction and fixation with double plate and screws (anterior stabilization with anterior approach). This was followed by S-I joint fixation with two percutaneous CT-guided screws within S1 and S2 vertebral body 5 days following the initial procedure (bottom pictures: plain radiographs following percutaneous screw fixation).
We noticed constant improvement of postoperative functional results through calculation of Majeed scores and related data analysis. These improvements were especially significant during the first post-op year. We felt this was due to the natural physiological characteristic of patients' post-op recovery following major surgery, which is normally quicker in the first weeks from surgery and it gradually slows down till achieving a variable endpoint. We could not justify the second peek of improvement noticed between 2 and 3 years of follow-ups, which was not considered of statistical relevance by our team as it lacked clinical correlation. We attributed the overall good functional results and gradual but constant reduction of the scores to the effectiveness and safety of the studied procedure, which is able to provide a good management option for Tile C fractures with a mini-invasive procedure and good short-and long-term results.
The amount of patients who did not manage to go back to their pre-trauma job is relatively high. However, this has to be taken into account looking at the overall picture of the studied poly-trauma patients. The placement of SI percutaneous screws is a mini-invasive procedure Figure 5 . Case of a 55-year-old male patient who sustained a Type III Dennis fracture of the left S-I joint associated with pubic symphysis diastasis (type B1) following a fall from height (top pictures: coronal CT view and CT reconstruction). The injury was treated within few hours from the fall with external fixator (middle pic: AP plain radiograph of the pelvis) and he was then admitted to the ITU ward. This was followed by reduction and fixation with plate and screws 7 days after ITU admission (bottom-left picture). The treatment was completed 3 days after plating with S-I joint reduction and fixation with two percutaneous CT-guided screws within S1 and S2 vertebral body (last two bottom pictures).
providing satisfactory clinical and radiological results and it does not justify the big impact on the quality of life and function noticed on our patients. Patients with a Tile C injury have usually sustained multiple serious injuries to their anatomical structures (bones, soft tissues, organs, etc.), whose treatment is usually complex and results are variable. We believe that a comparative study with stratification for treatment of different injuries of polytrauma patients and their results could be carried out in order to confirm our theory and give information with higher level of evidence. Therefore, it is currently hard to scientifically comment on the high rate of jog change recorded, which we however believe it is not significantly affected by the performance of the CT-guided cannulated screw procedure but more probably by the impact of other sustained major injuries.
Considering the severity of the sustained injuries and the invasiveness of the procedures performed to treat them, we could state that the complication rate is relatively low, especially the ones strictly related to the studied procedure with cannulated screws. The need of blood transfusion was never caused by the percutaneous procedure (but by the treatment of the other associated injuries) and no patient needed to be admitted to the intensive care unit. This is also supported by the relatively short length of stay of the patients, with an average of 15 days, and the longest stay of 33 days.
Only two cases of metalwork mobilization were recorded at 16 months post-op which were electively treated successfully with removal of metalwork surgery. This complication has not affected the long-term functional outcomes for these two patients as radiological evidence of fracture consolidation was achieved at about 2 months on average and the metalwork breakage did not significantly affect patients' mobility status nor neurology nor rehabilitation, with the exception of few days of postop rest and wound care following removal of screws.
We also recorded one case of screw breakage in a psychiatric patient. However, this complication was due to the psychiatric and mental health conditions of the patient and it should not be considered as a real metalwork failure. Therefore, we do not take into account this case in the overall evaluation of our results.
Our results are encouraging and it seems that the use of CT-guided percutaneous cannulated screws to treat the included type of injury should be chosen as management option in absence of specific contraindications. The relatively simple procedure and subsequent smaller operating times, low level of invasiveness, low complication rate, relative short length of stay and good results overall seem to push toward the direction of validating the studied procedure as the most appropriate surgical option in Tile's type C fractures with SIJ vertical instability. This is supported by significant amount of internationally recognized works.
We felt our study had also few limitations. Case series, relatively limited number of patients; non-probability sample of convenience (due to few centric sample, Level 1 Trauma Center); retrospective study (possible presence of confounding factors, possibility to obtain only "associations" but no "causation", some key statistics cannot be measured); selection of patients may be biased (making generalization of results difficult); use of subjective scores; measurements and intervention were made without randomization of the researcher to the experimental groups; possible presence of temporal confounders. Despite, our study has taken into account a number of cases which could be considered very significant given the severity of the injuries and the complexity of their treatment. Therefore, we believe that our results could be seen as the first step for further validation of the surgical procedure (also considering the already obtained objective good outcomes) possibly with a more powered comparative study.
Conclusions
Our results suggest that the stabilization of SI Tile type C fracture/dislocations with CT-guided percutaneous cannulated screws is a valid and feasible management option and associated with low complication rates. This is allowed by the low level of invasiveness of the procedure and relatively small operating time. Our data confirm that the surgical percutaneous fixation with cannulated screws of such fractures allows the obtainment of good clinical results both at short and long term, providing early fracture consolidation and good functional outcomes.
We advocate the need of a more powered study and a bigger cohort in order to further validate the appropriateness of the studied surgical procedure and/or unite the inhomogeneous studied groups and results already obtained internationally. A satisfaction questionnaire to be administered to all treated patients could also be useful to assess the results from patients' prospective.
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